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DESCRIPTION 

INDUCTION HEATING COIL FOR SHAFT- MEMBER HAVING MULTIPLE 

STEPS AND HEATING METHOD 

Technical Field 

The present invention relates to an induction heating 
coil and heating method using the same, the induction 
heating coil being used, for example, for induction 
hardening of a shaft member having many steps. 

Background Art 

Heretofore, in induction hardening of a shaft member 
having multiple steps, a method has been performed in which 
hardening is performed by heating using an annular heating 
coil corresponding to each step or each set of steps of the 
shaft, followed by cooling. However, by the above 
conventional method, there have been problems in that the 
cost is increased due the complication thereof, and root 
portions of the steps are not easily heated up. 

Accordingly, as an induction heating coil which solves 
the above problems, a heating coil has been disclosed in 
Patent Document 1. 

[Patent Document 1] Japanese Unexamined Patent 
Application Publication No. 11-162626 
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Disclosure of Invention 

The heating coil disclosed in the above patent document 
1 heats up the surface of a shaft by a linear conductor 
extending along the axis direction as shown in Fig. 3, and 
since many steps of the shaft can all be collectively 
hardened by heating using only one coil, the hardening is 
efficient . 

However, by the heating coil of the patent document 1, 
since the increases in temperature of the individual steps 
in heating are different from each other, a problem occurs 
in that heating time becomes longer in order to obtain a 
uniform temperature. When the heating time is increased, 
there is a shortcoming in that hardening deformation is 
increased. In addition, since heating is performed using 
the conductor extending along the axis direction, it is 
difficult to apply a large amount of electrical power, and 
when the length of the axis is increased, the heating time 
is further increased, and as a result, there has been a 
problem in that the heating efficiency is decreased. 
Furthermore, since the amount of cooling water. for cooling 
the heating coil is restricted, the electrical power to be 
applied thereto is unfavorably limited due to the increase 
in temperature of the heating coil, or since the strength of 
the coil tends to decrease due to its own structure, the 
service life of the coil is disadvantageously shortened. 
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Accordingly, a coil has been desired which can perform 
rapid and short-time heating by applying a large amount of 
electrical power so as to decrease the hardening deformation 
and which has a superior structural strength so as to 
increase the service life. 

Hence, an object of the present invention is to solve 
the problems described above and to provide a long-life 
induction heating coil for heating a shaft member having 
multiple steps, the coil being capable of improving the 
heating efficiency and decreasing the hardening deformation 
through a rapid and short-time heating performed by applying 
a large amount of electrical power. 

To the end, an induction heating coil for heating a 
shaft member having multiple steps and a heating method, 
according to the present invention, comprises: annular 
conductors separately disposed in the axis direction and 
having inner diameters which form predetermined gaps with 
outer peripheries of heating portions of the shaft member, 
in which the lengths of the annular conductors are set so 
that the areas of the respective heating portions. are 
approximately equal to each other, and the annular 
conductors are connected to each other in series so as to 
uniformly increase temperatures of respective step shaft 
portions of the shaft member. 

As described above, since heating is performed using 
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the annular conductors as a heating coil for heating the 
shaft member having multiple steps instead of using a linear 
conductor, a large amount of electrical power can be applied 
as compared to that disclosed in the patent document 1 in 
which the linear conductor extending in the axis - direction 
is used, so that the hardening deformation can be decreased 
by a short-time heating. In addition, the amount of cooling 
water can be increased, and as a result, the service life of 
the coil can be increased. 

On the other hand, when one annular conductor which is 
not divided is used for heating individual step shaft 
portions of the shaft member having multiple steps, a large 
diameter portion is not easily heated as compared to a small 
diameter portion, and as a result, the increase in 
temperat ure of the large diameter portion becomes slow. 
Hence, in the present invention, in order to uniformly 
increase temperatures of the individual step shaft portions, 
the annular conductors are connected in series in which the 
lengths thereof in the axis direction are set so that areas 
of the respective heating portions are approximately equal 
to each other. That is, when the annular conductors are 
connected in series, currents passing through the individual 
annular conductors are equal to each other; hence, in order 
to obtain uniform increase in temperature, the length of the 
large diameter annular conductor in the axis direction is 
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decreased to increase the current density, and the length of 
the small diameter annular conductor in the axis direction 
is increased to decrease the current density. The number of 
the annular conductors and the lengths thereof in the axis 
direction are determined by experience and experimental data 
based on the shape of the shaft member to be heated. 

At least one of the annular conductors is preferably 
formed to have a step shape corresponding to steps of the 
shaft member which have different outer diameters so as to 
uniformly increase temperatures of the above step shaft . 
portions of the shaft member. By the structure as described 
above, the number of the annular conductors can be decreased, 
and a shaft having many steps can be uniformly heated. 

In addition, at least one annular protrusion is 
preferably provided for at least one of the annular 
conductors at a place corresponding to a root of a step of 
the shaft member so as to heat up the root of the step. By 
the structure described above, since current is concentrated 
at the root portion of the step, heating hardening can be 
performed to the bottom of the root. 

In the present invention, the shaft member having 
multiple steps includes, besides a shaft member having 
smooth surface steps, a shaft in which some steps thereof 
have machined a shape such as a gear, a serration, and a 
spline shape. In addition, the shape and the inner diameter 
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in conformity with the shape and the outer diameter of the 
heating portions of the shaft member mean that for example, 
when a shaft portion is not straight but is tapered, the 
inner diameter of the annular conductor is also tapered, and 
when, being provided to correspond to at least two steps of 
the shaft member, the annular conductor is also formed so 
that the inner diameter thereof has a step so as to conform 
with the steps described above. 

When the induction heating coil for heating a shaft 
member having multiple steps, according to the present 
invention, is used, the temperatures of the individual steps 
of the shaft member can be uniformly increased, and as a 
result, the heating time can be decreased. Hence, the 
heating efficiency is improved, and thereby energy saving 
can be achieved. In addition, since a large amount of 
electrical power can be applied, short-time heating can be 
performed, and as a result, hardening deformation can be 
decreased. Furthermore, since the coil has a superior 
strength because of its own structure, and a large amount of 
cooling water can be used, the increase in temperature of 
the coil is small,, the service life of the coil can be 
increased, and hence the cost can be reduced. 

Brief Description of the Drawings 

Fig. 1 is a perspective view of an induction heating 
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coil for heating a shaft member having a multiple steps, 
according to an embodiment of the present invention, the 
coil being formed by connection of conductors in series. 

Fig. 2 is a cross-sectional view of an induction 
heating coil for heating a shaft member having multiple 
steps, according to an embodiment of the present invention. 

Fig. 3 is a perspective view of a conventional 
induction heating coil for heating a shaft member having a 
multiple steps. 

Reference Numerals 

1 upper annular conductor, 2 middle annular conductor, 
3 lower annular conductor, 10 induction heating coil, 11, 
12, 21, 22, 31, 32, 34 lead portion, 13, 23, 33 
longitudinal lead portion, W work (shaft member to be 
heated) 

Best Mode for Carrying Out the Invention 

Hereinafter, an induction heating coil for heating a 
shaft member having multiple steps, according to the present 
invention, will be described in detail with reference to a 
first embodiment shown in figures. Fig. 1 is a perspective 
view showing an induction heating coil composed of annular 
conductors disposed in series, according to the present 
invention, and Fig. 2 is a cross-sectional view thereof. 
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Hereinafter, with reference to the figures, the 
structure of the induction heating coil of the present 
invention will be described, the coil being used for heating 
a shaft member having three steps. As shown in Fig. 2, a 
shaft member (hereinafter referred to as "work" )^ W to be 
heated of this embodiment is a shaft member having three 
steps: a small diameter portion Wl, a middle diameter 
portion W2 , and a large diameter portion W3 . The diameters 
and the lengths of the steps described above are dlxhl + 
d2xh2 + d3xh3, respectively. 

In Fig. 2, an induction heating coil 10 is composed of 
three annular conductors 1, 2, and 3 which are an upper, a 
middle, and a lower annular conductor separately disposed in 
the axis direction. The three annular conductors 1, 2, and 
3 are connected to each other in series and have inner 
diameters to form a predetermined gap G with the outer 
periphery of the work W therebetween. The upper annular 
conductor 1 heats up a part of the small diameter portion Wl 
in the region indicated by hOl in the longitudinal direction. 
The middle annular conductor 2 that is one of the conductors 
heats up two steps including a lower part of the small 
diameter portion Wl and the middle diameter portion W2, so 
that the region indicated by a length (hll + h2) shown in 
Fig. 2 is heated. For this heating, the inner periphery of 
the middle annular conductor 2 has a step shape forming the 
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gap G with a heating portion therebetween. In addition, the 
middle annular conductor 2 has a protrusion portion 2a at a 
place corresponding to a root portion Wla of the small 
diameter portion Wl and a protrusion portion 2b at a place 
corresponding to a root portion W2a of the middle diameter 
portion W2 . By . the structure described above, insufficient 
increase in temperature at root portions of the shaft is 
prevented. The lower annular conductor 3 heats up the large 
diameter portion W3 in the region indicated by a length h3 . 

In the induction heating coil 10 shown in Fig. 1, a 
heating power supplied from a lead portion 11 of the upper 
annular conductor reaches a lead portion 21 of the middle 
annular conductor along the upper annular conductor 1, a 
lead portion 12 thereof, and a longitudinal lead 13. Next, 
the heating electrical power passes along the middle annular 
conductor 2, a lead portion 22 thereof, a longitudinal lead 
23, a lead portion 31 of the lower annular conductor, and 
the lower annular conductor 3. Furthermore, the heating 
electrical power reaches a lead portion 34 via a lead 
portion 32 of the lower annular conductor and a longitudinal 
lead 33. Accordingly, the three annular conductors 1, 2, 
and 3 are connected to each other in series, so that a 
current is allowed to flow in the same direction in the 
individual annular conductors. 

The diameters dl, d2, and d3 of the respective step 
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shaft portions Wl, W2, and W3 of the shaft member shown in 
Fig. 2 have the relationship represented by; dl < d2 < d3 . 
When these step shaft portions are heated up by respective 
annular conductors, the large diameter portion W3 is not 
easily heated up as compared to the middle diameter portion 
W2, and as a result, the increase in temperature is slow. 
On the other hand, since the small diameter portion Wl has a 
small diameter dl, the temperature thereof is easily 
increased; however, when one annular conductor corresponding 
to the shaft length hi is used, the current density is 
decreased since the shaft length hi is large. As a result, 
compared to the middle diameter portion W2, the small 
diameter portion Wl is not easily heated up, and the 
temperature thereof is not easily increased. Hence, in the 
present invention, the current densities of the annular 
conductors are set to be approximately proportional to the 
diameters of portions to be heated so as to obtain uniform 
increase in temperature of the individual step shaft 
portions. 

In the present invention, as a method for achieving the 
above-described structure, the lengths of the annular 
conductors in the axis direction are changed so that the 
portions to be heated have areas approximately equal to each 
other in order to obtain uniform increase in temperature of 
the individual steps. That is, in order to achieve the 
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uniform increase in temperature, basically, the length of 
the annular conductor corresponding to the large diameter 
portion is decreased to increase the current density, and 
the length of the annular conductor corresponding to the 
small diameter portion is increased to decrease the current 
density. However, after the lengths of the heating portions 
are also taken into consideration, the lengths of the 
individual annular conductors are determined. 

In this embodiment, when the work W shown in Fig. 2 is 
heated up using the three annular conductors, the lengths of 
the annular conductors in the axis direction are set to HI, 
H2, and H3 for the diameters dl, d2, and d3 of the step 
shaft portions, respectively. In addition, as shown in Fig. 
2, regions at which the three annular conductors, that is, 
the upper annular conductor 1, the middle annular conductor 
2, and the lower annular conductor 3, are responsible for 
heating are set to hOl, (hll + h2), and h3, respectively. 

In the case described above, the inner diameter of the 
middle annular conductor 2 has a step shape so as to form 
predetermined gaps with the outer . peripheries of the steps 
of the work as shown in Fig. 2. By the structure described 
above, since the amounts of electrical power per heating 
area applied by the respective conductors become 
approximately equal to each other, the increases in 
temperature in heating become uniform, and as a result, the 
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heating efficiency is improved. 

In addition, the protrusions 2a and 2b are provided for 
the middle annular conductor 2 as shown in Fig. 2 at places 
corresponding to the roots Wla and W2a, respectively, of the 
steps of the work W so as to heat up the roots Wla and W2a 
of the steps. In the figure, the protrusion 2a and 2b each 
have the same inner diameter as that of the second annular 
conductor 2 and extend downwardly; however, the protrusion 
2a and 2b may be formed to annularly extend to the inner 
circumferential side in the direction toward the roots Wla 
and W2a of the steps, respectively. 

Example 1 

By using the above heating coil of the present 
invention, a shaft member having three steps was 
experimentally heated, the dimensions of the shaft member 
being represented by the following equation on a millimeter 
basis. 

(diameter dl x hi) + (diameter d2 x h2) + (diameter d3 x 
h3) = (diameter 50 x 80) + (diameter 80 x 18). + (diameter 
130 x 22) . 

Heating was performed using a heating coil formed by 
connecting the three annular conductors as shown in Fig. 2 
in series. The lengths of heating portions and the lengths 
HI, H2, and H3 of the respective annular conductors were set 
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as shown in Table 1. 

That is, the middle annular conductor was formed to 
have a step shape so as to correspond to the two steps as 
shown in Fig. 2, and as shown in Table 1, the heating areas 
of the three annular conductors were formed so as to be 
approximately equal to each other. In addition, the 
protrusion 2a and 2b were provided for the middle annular 
conductor 2. 

Table 1 



(UNIT: mm) 





UPPER 
ANNULAR 
CONDUCTOR 


MIDDLE ANNULAR 
CONDUCTOR 


LOWER 
ANNULAR 
CONDUCTOR 


HEATING 
REGION 
(mm) 


(|>dixhoi 


((J)dixhn) + (§d 2 xh 2 ) 


(J)d 3 xh 3 


<|>50x53 


(4>50x25) + (4>80xl8) 


<|>130x22 


HEATING 
AREA 
mm 2 


8321 


3924+4521=8446 


8980 


CONDUCTOR 
LENGTH 
(mm) 


Hi 


H 2 


H 3 


50 


40 


20 


GAP G 


3 


3 


3 



By using a conventional heating coil shown in Fig. 3 
and the heating coil of the present invention, comparative 
heating test was performed in which the shaft member having 
the dimensions described above was heated to a hardening 



temperature. The results are shown in Table 2. 



Table 2 





MAXIMUM 
APPLIED 
ELECTRICAL 
POWER 

(kW) 


TIME REQUIRED 
TO OBTAIN 

UNIFORM 
HARDENING 
TEMPERATURE 
(sec) 


AMOUNT OF 
COOLING 
WATER 

(1/min) 


COIL OF THE 
PRESENT 
INVENTION 


360 


1.8 


20 


CONVENTIONAL 
COIL 


120 


3.7 


10 



According to the results shown in the table, the time 
required to obtain a uniform hardening temperature is 
decreased to approximately one half, the temperature of the 
coil can be decreased since the amount of cooling water can 
be increased by 2 times, and by the effects described above 
and a superior strength of the coil because of its own 
structure, the service life of the coil can be increased. 
In addition, by the presence of the protrusions 2a and 2b 
provided for the middle annular conductor 2, the roots of 
the shaft can also be sufficiently heated. 

As has thus been described, according to the induction 
heating coil for heating a shaft member having multiple 
steps, of the present invention, since the above shaft 
member is heated by the annular conductors disposed around 
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the outer periphery of the shaft member, compared to a 
conventional heating coil formed of a conductor extending in 
the axis direction, a large amount of electrical power can 
be applied, and in addition, the amount of cooling water can 
be increased; hence, the increase in temperature -of the coil 
can be suppressed, and as a result, the deformation thereof 
can be prevented. In addition, the lengths of the annular 
conductors in the axis direction are set so that the areas 
of the respective heating portions are equal to each other, 
the increases in temperature of the respective steps of the 
shaft member become uniform. Hence, compared to a 
conventional coil, the time required to obtain a uniform 
temperature of the individual portions can be decreased, a 
required amount of electrical power is decreases, and as a 
result, the heating efficiency is improved. Furthermore, 
because of short-time heating, the hardening deformation is 
decreased. 

When the annular conductors described above are formed 
to have the shapes and inner diameters in conformity with 
the shapes and outer diameters of heating portions of the 
shaft member and are formed to have a step shape 
corresponding to the steps of the shaft member having 
different outer diameters, the steps described above tend to 
be easily and uniformly heated up, and in addition, by 
providing the annular protrusions for the annular conductor 
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at places corresponding to the roots of the steps of the 
shaft member, uniform heating can be advantageously 
performed even for the root portions of the shaft. 

Industrial Applicability 

According to the induction heating coil for heating a 
shaft member having multiple steps, of the present invention, 
since rapid heating can be performed, and the heating time 
can be decreased, in addition to the decrease in hardening 
deformation, the heating efficiency is improved, the energy 
saving can be achieved, and the productivity is improved. 
In addition, since the service life of the coil is increased, 
and the cost is decreased, the cost for induction hardening 
and the like can be reduced, and as a result, a significant 
contribution is made to the industrial development. 



